12 United States Patent

US007194082B2

(10) Patent No.: US 7,194,082 B2

Kieren 45) Date of Patent: Mar. 20, 2007
(54) LOCAL NUMBER PORTABILITY CROSS 5,673,255 A 9/1997 Dunn et al.
CONNECT SWITCH NETWORK 5,689,555 A 11/1997 Sonnenberg
5,696,816 A 12/1997 Sonnenberg
(75) Inventor: Joseph Raymond Kieren, San Ramon, 5,732,131 A 3/1998 Nimmagadda et al.
CA (US) 5,748,724 A 5/1998 Sonnenberg
5,801,921 A 9/1998 Miller
. _ 5,848,144 A 12/1998 Ahrens
(73) Assignee: SBC. Technology Resources, Inc., 5.854.835 A 12/1998 Montgomery et al
Austin, TX (US) 6,035,028 A 3/2000 Ward et al
6,055,029 A 3/2000 Little et al.
(*) Notice:  Subject to any disclaimer, the term of this 6.038.227 A 32000 F:;,rries eetaaﬂl‘
patent 1s extended or adjusted under 35 6,072,793 A 6/2000 Dunn et al.
U.S.C. 154(b) by 488 days. 6,301,351 B1  10/2001 King et al.
(21) Appl. No.: 10/777,392 OTHER PUBLICATIONS
1o DACS II Applications Access Unbundling: Lucent Technologies
(22)  Filed: Feb. 13, 2004 (Bell Labs Innovations), pp. 1-8.
(65) Prior Publication Data Primary Examiner—Quynh H. Nguyen
US 2004/0223604 Al Nov. 115 2004 (74) Aﬁ@?’ﬂfﬁ’yj Ag&i’ﬂf} or Firm—Toler SChﬂf?@I’a L.LLLP
Related U.S. Application Data (57) ABSTRACT
(63)  Continuation of application No. 09/656,670, filed on A cross-connect switch (16) for implementing local number
Sep. 7, 2000, now Pat. No. 6,711,251 portability between a current local service provider origi-
51 Int. Cl nating switch (14) and a desired local service provider
(51) I}IOQM} 00 006,01 ported switch (18). The cross-connect switch (16) 15 con-
( 01) | | nected 1 a line associated with a subscriber’s directory
(52) U.S. CL e 379/%21.13, 37_9/112'06f number between the originating switch (14) and a main
379/201.05; 379/221.01; 3797219 379/326; distribution frame (12) to establish a first active communi-
_ _ _ 379/327 cation channel. The cross-connect switch (16) i1s also con-
(58) Field of Classification Search ........... 379/221.13, nected in-line between the ported switch (18) and the main
o 3791323, 326, 327, 112.06, 291-05: 219 distribution frame (12) to establish a second inactive com-
See application file for complete search history. munication channel. The cross-connect switch (16) is sig-
(56) References Cited naled to automatically deactivate the first communication

U.S. PATENT DOCUMENTS

5495484 A 2/1996 Self et al.
5,619,562 A 4/1997 Maurer et al.
5,627,827 A 5/1997 Dale et al.

channel and activate the second communication channel
thereby routing communications associated with said sub-
scriber’s directory number to the ported switch (18).

13 Claims, 3 Drawing Sheets

43 30

Power

42 \‘| CPU |

Controller

I 44 | 48

46 1 -
;x Reset

. ¥ 4

Switch @

32 -
J6

- N .

T R T R T R



LEC Central Office

Switch /4 10

/6

LNPCCS /5
CLEC

2

F1G.1

J0




U.S. Patent

CLEC submits an LNP/
Migration request

Central Office receives the
L NP/Migration request
before the due date

Mar. 20,

Central Office wires in
LNPCCS "Inline" to existing
service

306

Central Office technician
validates the LNPCCS
device is in the "Armed"
position (red light active)

308

Central Office technician

notifies the Local Operating
Center (LOC) when the

switch has been deployed
310

The LOC will activate the
LNPCCS device remotely
on the service order due
date

Activation Step #1.

Test the line {o validate an
18,000 Ohm short

FI1G.3

US 7,194,082 B2

2007 Sheet 2 of 3

300

302

Termination
Value
Validated?

3/é

Y
Place a phone call to the
applicable central office to
request manual handling
Activation Step #2:

Launch the MLT tracking tone

(10 seconds) to tnp the I/
LNPCCS from the "Armed”
position to the "Tripped” posttion.
Activation Step #3. 320

Retest the onginal service to
validate the termination value
has changed from 18.0 kOhms

to 17.5 kOhms

322

Termination
Value
Changed?

324

Place a phone call to the
applicable central office to
request manual handiing

The LOC completes the J26
service order request

328

After the due date, the Central
Office technician removes the

LNPCCS device from the circut,
and completes the winng.




U.S. Patent Mar. 20,2007  Sheet 3 of 3 US 7,194,082 B2

' 402
S S Enter "Sleep™ Mode <
" 404

Detect
Reset or

S signals between
S963Hz and
590Hz?

Tone?
Y
406 IS the
rising edge count
Reset active for N between 44 and 62
10 seconds? for the next
9oms?
[y 408 [y
| Toggle switch Frame "A” is valid

| ¥ ¥ F F¥E S

ls the
Y rising edge count
less than 10 for the
' next 64ms?
Frame "B" is valid 418
420

Increment "valid frame" counter

¥

Wait for next rising edge or 32ms |~ #€<

k J

Loop 9 more times 424

N 426
Is "valid frame”
counter = 77
Y
: 4285
Toggle the switch

' 430
FIG.4



US 7,194,082 B2

1

LOCAL NUMBER PORTABILITY CROSS
CONNECT SWITCH NETWORK

RELATED APPLICATION

The present application 1s a continuation application of
U.S. patent application Ser. No. 09/656,670 filed Sep. 07,

2000, now U.S. Pat. No. 6,711,251, entitled “Local Number
Portability Cross Connect Switch and Method™”, which 1s
incorporated by reference herein.

TECHNICAL FIELD

The present invention relates generally to telecommuni-
cation systems, and more particularly, relates to a cross
connect switch and method for enabling local number port-
ability 1n an intelligent switched telecommunications net-
work.

BACKGROUND OF THE INVENTION

Local Number Portability (LNP) allows telephone service
subscribers to retain their same directory number, at the
same location, when a subscriber changes from one local
telephone service provider to another. Telephone number
portability was mandated by the Telecommunications Act of
1996.

Telephone calls are routed from a calling subscriber to a
called subscriber through the public switched telephone
network. A central oflice switch 1s used for connecting the
subscriber telephone lines. Subscribers connected to a com-
mon switch, or End Oflice (EO) are assigned a unique
directory number, commonly referred to as a telephone
number. The format of the directory number 1s NXX-
XXXX, where “N” refers to any digit except zero or one and
“X” refers to any one of 10 digits. Directory numbers are
assigned 1n blocks of ten thousand to each Local Exchange
Carrier (LEC). The first three digits of the directory number
are referred to as the exchange code. Each exchange code
corresponds to a particular switch or EO. The last four digits
of a directory number are referred to as the subscriber’s line
code. The United States 1s also divided into “area codes,”
more technically referred as Numbering Plan Area (NPA)
codes. Thus, each telephone subscriber 1s associated with a
unique 10 digit directory number comprising the three digit
NPA code, the three digit exchange code (NXX) plus a four
digit line number (XXXX).

The area code and exchange code prefix 1s used to route
the call to the serving End Oflice. At the End Oflice, the local
switch routes the call to the subscriber’s line, which 1s
designated by the last four digits of the directory number.
Thus, when a calling party places a telephone call, the first
s1x digits of the dial directory number uniquely 1dentity the
terminating switch for the telephone call. The originating
switch relies on this relationship to determine the most
cilicient routing path from the onginating switch to the
terminating switch at the End Oflice. Specifically, each
switch typically includes a database that cross-references the
area code, exchange code prefixes (NPA-NXX) to the vari-
ous switches. The originating switch then routes the tele-
phone call to the correct terminating switch, which, 1 turn,
turther routes the telephone call to the correct subscriber
telephone line.

With the passage of the Telecommunications Act of 1996,
more than one local telephone service provider 1n the same
geographic area may install and maintain the switching
equipment required to provide local telephone service.
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Indeed, their respective switches can be located 1n the same
building. Local telephone service subscribers can then
change their telephone service providers by having the lines
servicing their premises disconnected from their previous
local telephone service provider and reconnected to their
new local telephone service provider. This disconnection
and reconnection 1s referred to as a “cutover,” and may take
place at any point 1n the telephone line circuit to a subscrib-
er’s premises. For example, a subscriber line may be cutover
at the terminal jack located at the subscriber’s premises, at
the local telephone service provider’s distribution frame, or
at any other point in the circuit. Local number portability
requires that a subscriber and directory number be re-
assigned from the switch associated with the present local
telephone service provider to the switch associated with the
new local telephone service provider. In a local number
portability environment, therefore, the area code-exchange
code portion of a directory number will not uniquely 1dentity
the switch servicing the line assigned to that directory
number. Accordingly, additional telephone call routing pro-
cedures are required to allow an originating switch that
mitially recerves a telephone call to determine the correct
terminating switch. This 1s typically accomplished by a LNP
database that cross-references individual portable directory
numbers to the various switches.

Accordingly, in a LNP environment, originating stations
throughout the public switched telephone network refer to
their respective LNP databases to determine the terminating
stations that service ported subscriber telephone lines.
Whenever a subscriber changes local telephone service
providers but wishes to maintain the same directory number,
all of the LNP databases must be programmed with the
porting subscriber directory number and an identification
code for the new terminating switch. Until the porting
subscriber line 1s physically cutover from the original ter-
minating switch to the new terminating switch, telephone
calls directed to the subscriber directory number must be
routed to the prior telephone service provider’s terminating
switch. After the subscriber line has been cutover, however,
telephone calls directed to the subscriber’s directory number
must be routed to the new telephone service provider’s
terminating switch. Timing problems, therefore, arise

because the physical cutover of the subscriber line occurs at
a particular time 1nstant. The various LNP databases, on the
other hand, cannot be reprogrammed at the same instant.
Thus, subscribers may experience interruptions in phone
service until the LNP databases can be updated to reflect the
relationship between the subscriber’s directory number and
the new telephone service provider’s terminating switch. In
addition, coordinating the physical cutover and database
updating imposes scheduling demands upon service pro-
vider personnel. Thus, there exists a need for an improved
system and method for enabling local number portability.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of this invention
reference should now be had to the embodiments illustrated
in greater detail 1n the accompanying figures and described
below by way of examples of the mvention wherein:

FIG. 1 1s a schematic block diagram of the present
invention in a central office environment.

FIG. 2 1s a schematic block diagram of one embodiment
of the LNPCCS according to the present invention.



US 7,194,082 B2

3

FIG. 3 1s a logic flow diagram of one method of imple-
menting the LNPCCS of the present invention.

FIG. 4 15 a logic flow diagram of another method of
activating the LNPCCS of the present invention.

DETAILED DESCRIPTION

Referring now to FIG. 1, there 1s shown a schematic block
diagram of one embodiment of the present mvention 1n a
central oflice (CO) environment. The central oflice 10 1s the
site where the Local Exchange Carrier’s (LEC) equipment
resides which routes calls to and from customers served by
the LEC. Telephone calls routed to the central oflice 10 enter
the building on communication line 11 and are directed to
the Main Distribution Frame (MDF) 12. The three-digit
exchange code associated with the incoming dial directory
number 1s routed to the corresponding LEC switch 14, and
specifically, to that portion of the switch corresponding to
the subscriber’s line code. As described above, in order to
implement LNP, the physical routing of a subscriber line
must be cutover from the originating switch such as LEC

switch 14 to the ported switch such as the Competitive Local
Exchange Carnier (CLEC) switch 18. The Local Number

Portability Cross Connect Switch (LNPCCS) 16 accom-
plishes the cutover by switching the connection to the MDF
from the origmating switch to the ported switch upon
receiving a predetermined signaling sequence as described
in more detail below.

Referring now to FIG. 2, there 1s shown a schematic block
diagram of one embodiment of the LNPCCS 30 according to
the present invention. The LNPCCS 30 comprises an Origi-
nating Dial Tone (ODT) port 32 for receiving the line
connection from the originating switch associated with a
subscriber’s directory number, a Ported Dial Tone (PDT)
port 34 for receiving the line connection from the porting
switch associated with the subscriber’s directory number,
and a Main Distribution Frame (MDF) port 36 for connect-
ing the LNPCCS 30 to the Main Distribution Frame asso-
ciated with the originating switch and the ported switch.
Each of the ports 32, 34, and 36 include terminal blocks for
the tip and ring portions ol the twisted wire pair. The
LNPCCS 30 may be installed in the Central Office wiring
room on the MDF. The wiring associated with each of the
ports 32, 34, 36 may support 48 volts DC (normal telephone
line power) and 96 volts AC (telephone ringing generator).

The LNPCCS 30 also includes a switch 44 connecting the
ODT port 32 and PDT port 34 to the MDF port 36, and a
controller 40 1n operative communication with the switch
44, ODT port 32, PDT port 34 and MDF port 36. The switch
1s connected to the ports such that the ODT path 1s normally
closed and the PDT path 1s normally open. In other words,
the default switch connection 1s a closed loop from the ODT
port 32 to the MDF port 36 and an open loop between the
PDT port 34 and the MDF port 36. The switch 44 may be a
double-pole, double-throw relay-type switch such as 1is
available from NEC Corp. as model ED2-3T. Light emitting
diodes (LEDs) 46, 48 indicate the state of the switch. The
controller 40 includes a processor 42 and associated memory
43. An example of a suitable controller 1s model PIC16C305
available from Microchip Corp. The controller 40 and
“Arm” LED 46 are line powered from the ODT side before
the trigger signal 1s received by the controller. After receipt
of the trigger signal, the “Trip” LED 48 and controller 40 are
line powered from the PDT side of the device.

The “Arm” LED 46 1s active when the ODT port 32 and
MDF port 36 are wired and the switch 44 1s ready to receive
the trigger signal. The trigger signal may be a Mechanized
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4

Loop Testing (MLT) tracking tone, which can be received
from either the ODT port 32 or the PDT port 34. When the
trigger signal 1s received, the “Trip” LED 48 1s activated to
alert an operator of the state of the switch.

A power supply 50 1s also included to provide alternative
power to the switch 44 and controller 40. Power may be
supplied to the ODT side of the device until the switch 1s
activated and the unit 1s later removed from the MDF. A
manual override i1n the form a reset switch 52 1s also
provided to “build back™ or re-establish the original con-
nection from the ODT port 32 to the MDF port 36 after the
switch 44 has been activated. In such cases, the power
supply 50 drives the switch 44 to close the ODT path and
open the PDT path to the MDF.

Retferring now to FIG. 3, there 1s shown a logic flow
diagram of one method of implementing the LNPCCS of the
present invention. The method of implementing local num-
ber portability with the LNPCCS begins 1n step 300 when a
CLEC submits an LNP migration request to the telephone
service subscriber’s present local exchange carrier. The
migration request represents the subscriber’s desire to
change service providers. In step 302, the LEC creates an
internal service order to process the CLEC’s LNP migration
request. At this time, a due date for the LNP migration 1s
decided upon between the CLEC and the customer, and the
CLEC and LEC.

In step 304, the central oflice technician wires the
LNPCCS “1n line” to the existing telephone service. This 1s
accomplished by wiring in the jumper from the original
oflice equipment to the originating dial tone (ODT) port on
the LNPCCS device, and the jumper from the main distri-
bution frame (MDF) port to the vertical frame or MDF,
thereby completing the original circuit path. These connec-
tions are made by inserting the “tip” and “ring” wire pair
into the respective ODT and MDF tip and ring ports on the
LNPCCS device. This process 1s also repeated for the tip and
ring wire pair for the ported dial tone (PDT) port to the
CLEC’s switching equipment. In step 306, the central office
technician validates that the LNPCCS device 1s 1 the
“armed” position, which 1s indicated by the red light emiat-
ting diode (LED). When the armed LED 1s active, 1t indi-
cates to the technician that the LNPCCS has been properly
connected 1n line with the customer’s original circuit path.
The central office technician can then notify the local
operating center that the switch has been deployed such as
in step 308.

Once the LNPCCS 1s armed and ready, the local operating
center activates the device remotely on the service order due
date, 1n step 310. The activation process begins 1n step 312
by testing for the presence of a predetermined resistance on
the ODT side when the switch 1s 1n the ODT state. The line
may be tested for an 18 kOhm short from ODT side. At this
time, the processor and the OD'T LED are line powered from
the ODT side of the circuit before the activation tone 1s
received. In step 314, a check 1s made as to whether the
termination value has been validated. Specifically, the tip to
ring resistance of the ODT port when the switch 1s 1n the.
ODT to MDF state 1s tested to detect a predetermined
resistance value, which, 1n this example, 1s 18 kOhm. If not,
in step 316, the central oflice 1s contacted and the request
made to check the integrity of the connection or manually
cutover the service migration request.

If the line has been validated, 1in step 318, the device 1s
switched by signaling a predetermined tone from either the
ODT or PDT side of the device to trip the LNPCCS from the
armed position to the “tripped” position. The signaling tone
may be a Mechanized Loop Testing (MLT) tracking tone of
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approximately 10-second duration transmitted on the ODT
side of the device. The MLT tone may be a 577.5 Hz signal
of 3.25V amplitude that 1s pulsed on for 100 ms and off for
100 ms for a pulse train duration of at least two seconds. The
signal 1s delivered between the tip and ring connections.
This signaling tone 1s desirable because 1t 1s a standardized
signal available to all telephone service providers, yet 1s
unique enough that a device 1s unlikely to be accidentally or
prematurely tripped by normal data or voice traflic over the
original subscriber loop. After reception of the signaling
tone, the green tripped LED 1s powered from the PDT side
of the device. In addition, subsequent triggering tones can be
used to toggle the state of the switch.

To ensure the device has been properly activated, 1n step
320, the original service i1s re-tested to validate that the
termination value has changed by a predetermined amount.
The tip to ring termination value has changed from 18
kOhms to 17.5 kOhms on the OD'T port when the switch 1s
in the PDT to MDF state. If the termination value has not
changed, as indicated in step 322, the central office 1s again
contacted 1n step 324 to troubleshoot these device connec-
tions. Otherwise, 1 step 326, the local operating center
completes the service order request by moditying the CLEC
database records to indicate the CLEC’s terminating switch
for the associated customer’s directory number.

As shown 1n step 328, the LNPCCS device 1s removed
from the circuits after a predetermined period of time and the
circuit change 1s hard-wired without disrupting service, such
that the LNPCCS unit 1s now available for reuse with other
service order requests.

Referring now to FIG. 4, there 1s shown a logic flow
diagram of another method of activating the LNPCCS of the
present invention. The logic diagram of FIG. 4 describes one
example of a specific MLT tracking tone implementation. At
the start of the logic, 1t 1s assumed that the LNPCCS 1s
correctly connected between the MDF and ODT and PDT
switches. At this point, the LNPCCS 1s line powered from
the ODT side of the device by the 48 VDC line voltage. This
power 1s regulated by the power supply to 5.0 VDC at 3.75
mA. The logic begins 1n step 400 by 1mitializing all program
variables. This includes testing the switch connection to
imnsure that the LNPCCS 1s 1n the ODT to MDF state, and
activating the “Armed” LED. In step 402, the controller
enters a “sleep” mode and waits for the activation signal.

In step 404, unless the Reset button on the device 1s
activated, or a tone recerved, the controller remains in the
sleep mode. Otherwise, 1n step 406, if the Reset button 1s
activated for a predetermined period of time, the switch 1s
activated to toggle the port (either ODT or PDT) connected
to the MDF as shown 1n step 408.

If a tone 1s detected 1n step 404, steps 410 through 426
determine 1f the tone 1s the desired signaling tone. In this
example, the desired signaling tone 1s an MLT tone consist-
ing of a 577.5 Hz audio tone with a 5 Hz cadence. Accord-
ingly, in steps 410 and 414, the “on” portion of the desired
pulse train 1s detected and validated. Similarly, in steps 416
through 422, the “off” portion of the desired pulse train 1s
detected and validated. The validity of the overall signal 1s
assured 1n steps 424 and 426 by repeated detection of the
predetermined signal for a threshold number of cycles. 11 the
signal has been validated, the logic continues to step 428
where the switch 1s toggled to change the port (ODT or PDT)
connected to the MDEF. The devices then pauses for a
predetermined period of time, during which time, the device
power can be changed from the ODT side to the PDT side,
for example.
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While the invention has been described in connection
with one or more embodiments, 1t 1s to be understood that
the specific mechanisms and techniques which have been
described are merely illustrative of the principles of the
invention, numerous modifications may be made to the
methods and apparatus described without departing from the
spirit and scope of the mvention as defined by the appended
claims.

What 1s claimed 1s:

1. A telephone network comprising:

a local exchange carrier originating switch;

a competitive local exchange carrier ported switch; and

a cross-connect switch coupled between said local
exchange carrier originating switch and a main distri-
bution frame forming a first communication channel,
the cross-connect switch further coupled between the
competitive local exchange carrier ported switch and
the main distribution frame forming a second commu-
nication channel, the cross-connect switch adapted to
deactivate the first communication channel and to acti-
vate the second communication channel 1n response to
a remote activation signal wherein the cross-connect
switch comprises:

an orniginating dial tone (ODT) port for receiving a first
line from said local exchange carrier originating switch
associated with a subscriber’s directory number;

a ported dial tone (PDT) port for recerving a second line
from said competitive local exchange carrier ported
switch associated with said subscriber’s directory num-
ber:

a main distribution frame (MDF) port for connecting said
cross-connect switch to a MDF associated with said
local exchange carrier originating switch and with said
competitive local exchange carrier ported switch;

an electronic switch for connecting said ODT port and

said PDT port to said MDF port; and

a controller 1n operative communication wit said elec-
tronic switch, said ODT port, said PDT port, and said
MDF port, said controller receiving a trigger signal
and, 1n response thereto, establishing a communication
channel between said PDT port and said MDF port and
deactivating a communication channel between said

ODT port and said MDF port.

2. The telephone network of claim 1 wherein said ODT
port comprises an ODT tip portion and an ODT ring portion.

3. The telephone network of claim 1 wherein said trigger
signal 1s a mechanized loop testing tracking tone.

4. The telephone network of claim 1 wherein the cross-
connect switch comprises a first operator indicator and
wherein said controller 1s programmed to activate said first
operator indicator when said ODT port 1s 1n operative
communication with said MDF port.

5. The telephone network of claim 4 wherein the cross-
connect switch comprises a second operator indicator and
wherein said controller 1s programmed to activate said
second operator indicator when said PDT port 1s 1in operative
communication with said MDF port.

6. The telephone network of claim 1, wherein the PDT
port comprises a PDT tip portion and a PDT ring portion.

7. The telephone network of claim 1, wherein the MDF
port comprises a MDF tip portion and a MDF ring portion.

8. The telephone network of claim 1, wherein the elec-
tronic switch 1s connected with the ODT port, the PDT port,
and the MDF port, such that a default connection includes a
closed loop from the ODT port to the MDF port and an open
loop from the PDT port to the MDF port.
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9. The telephone network of claim 1, wherein the con-
troller and a first light-emitting diode (LED) are line pow-
ered via the ODT port prior to the controller recerving the
trigger signal, and wherein the controller and a second LED
are line powered via the PDT port after the controller
receives the trigger signal.

10. The telephone network of claim 1, wherein the cross-
connect switch includes a power supply to supply power to
the controller and the electronic switch from an ODT side of

trigger signal, and to supply power to the controller and the
clectronic switch from a PDT side of the cross-connect
switch after the controller recerves the trigger signal.

the cross-connect switch prior to the controller receiving the 10

8

11. The telephone network of claim 1, wherein the cross-
connect switch includes a reset switch and wherein the

power supply drives the electronic switch to activate the first
communication channel and to deactivate the second com-

> munication channel in response to a selection of the reset

switch.

12. The telephone network of claim 1, wherein the trigger
signal 1s sent via the first communication channel.

13. The telephone network of claim 1, wherein the trigger
signal 1s sent via the second communication channel.
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